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Abstract 
Jónsdottir, B. 2021. The extent of gynaecological cancer. Evaluation, outcome and quality 
of life. Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of 
Medicine 1795. 87 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-1353-5. 

The overall aim of this thesis was to enhance treatment planning for gynaecological cancer 
patients and identify women that are more likely to have impaired quality of life (QoL) after 
treatment. 

In a retrospective cohort study on ovarian cancer, the peritoneal cancer index (PCI) was 
examined in relation to incomplete cytoreductive surgeries (CRS) and surgical complications 
(n=167). The PCI was found to be an excellent predictor of incomplete CRS (AUC 0.94). 
Complete CRS was obtained for only 67.2% of the patients with a PCI score higher than 24, 
who also experienced an increased rate of complications (p = 0.008). In a prospective study, 
radiologic PCI assessed with integrated PET/MRI and DW-MRI was compared with the surgical 
PCI as the gold standard (n=34). The median total PCI for PET/MRI (21.5) was closer to the 
surgical PCI (24.5) (p = 0.6) than to DW-MRI (20.0, p = 0.007). PET/MRI was more accurate 
(p = 0.3) for evaluating patients at primary diagnosis and for evaluating high tumour burden 
in inoperable patients. 

In a nationwide study, endometrial cancer patients included in the Swedish Quality Registry 
for Gynaecologic Cancer 2017-2019 (n=1401) were analysed with the aim of describing 
methods of evaluating myometrial invasion (MI). The main methods for the MI assessment were 
transvaginal sonography (59%) and MRI (28%). The sensitivity of transvaginal sonography 
(65.6%) was lower than for the other methods. 

In a longitudinal questionnaire-study, QoL in women with advanced gynaecological cancer 
was compared to women with local disease (n=372). No difference in QoL was found at the 
one-year follow-up. With multiple regression analyses, previous psychiatric illness, high BMI 
and comorbidities were identified as risk factors for impaired QoL. 

In conclusion, the PCI is an excellent predictor of incomplete CRS, and PCI ≥24 is a possible 
cut-off. PET/MRI is superior to DW-MRI for estimating total PCI. The assessment of MI 
in endometrial cancer in Sweden is usually performed with transvaginal sonography, but the 
sensitivity is lower than for other methods. Women with advanced gynaecological cancer have 
equally good QoL one year after diagnosis as women with limited disease, and psychiatric 
illness, high BMI, and comorbidities are risk factors for impaired mental health. 
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MRI Magnetic resonance imaging 
NACT Neoadjuvant chemotherapy 
NPV Negative predictive value 
OC Ovarian cancer 
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SF-36 Short Form Health Survey 36 
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SQRGC The Swedish Quality Registry for Gynaecologic cancer 
SUV Standardised uptake value 
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Introduction 

Ovarian cancer 

Epidemiology 
Ovarian cancer is globally the fourth most common cause of cancer-related death 
in women, with 750 cases diagnosed in Sweden every year (1, 2). It is the most 

-
den has been increasing in recent years and is now 49%. Women of all ages can 
be affected, although rarely before 30 years of age (2). 

About 90% of ovarian cancer originates in the epithelium, named epithelial 
ovarian cancer (EOC), and is categorised in subtypes histologically: high-grade 
serous is the most common covering 70% of EOC followed by endometrioid 
cancer, clear cell cancer, and low grade serous cancer (3). The different histo-
logic types act partly as different diseases with variations in risk factors, molecu-
lar changes and development as well as differences in response to chemotherapy 
and prognosis. 

Risk factors 
The strongest risk factor for developing ovarian cancer is heredity and is found in 
10-15% of cases. This is mostly caused by mutations in the BRCA1 and BRCA2 
genes and the mismatch repair (MMR)-genes associated with Lynch syndrome (4). 

Other risk factors are oestrogen substitution, early menarche, late menopause 
and nulliparity, leading to the hypothesis that ovulation increases the risk of car-
cinogenesis in the ovary. Multiple pregnancies, breastfeeding and contraceptive 
pills are considered protective factors (5). Endometriosis can increase the risk 
for endometrioid ovarian cancer and clear cell cancer (6). The pathogenesis of 
ovarian cancer is however complex, and an origin in the fallopian tubes has been 
proved for at least certain subtypes (7). In addition, primary peritoneal cancer is 

  

Staging and treatment 
Ovarian cancer is called a silent disease because it can spread without giving 

-
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ing, weight loss, changes in bowel habits, constipation and frequency in urinat-
ing (9). The majority of patients are at advanced stages III-IV of the International 
Federation of Gynaecology and Obstetrics (FIGO) staging system when diag-
nosed and the tumour has disseminated into the peritoneal cavity and its organs, 
resulting in peritoneal carcinomatosis (PC) (9, 10) (Table 1). 

Table 1.  

 

IA: tumour limited to one ovary (capsule intact) or fallopian tube; no tumour on ovarian or fallopian tube 
surface; no malignant cells in the ascites or peritoneal washings T1a-N0-M0 

IB: tumour limited to both ovaries (capsules intact) or fallopian tubes; no tumour on ovarian or fallopian 
tube surface; no malignant cells in the ascites or peritoneal washings T1b-N0-M0 

IC: tumour limited to one or both ovaries or fallopian tubes, with any of the following: IC1: surgical spill 
T1c1-N0-M0 

IC2: capsule ruptured before surgery or tumour on ovarian or fallopian tube surface T1c2-N0-M0 

IC3: malignant cells in the ascites or peritoneal washings T1c3-N0-M0 

 
 

IIA: extension and/or implants on uterus and/or fallopian tubes and/or ovaries T2a-N0-M0 

IIB: extension to other pelvic intraperitoneal tissues T2b-N0-M0 

 
 

 

 positive retroperitoneal lymph nodes only (cytologically or histologically proved): IIIA1(i) Metas-
tasis up to 10 mm in greatest dimension IIIA1(ii) Metastasis more than 10 mm in greatest dimension 

IIIA2: microscopic extrapelvic (above the pelvic brim) peritoneal involvement with or without positive 
retroperitoneal lymph nodes T3a2-N0/N1-M0 

IIIB: macroscopic peritoneal metastasis beyond the pelvis up to 2 cm in greatest dimension, with or with-
out metastasis to the retroperitoneal lymph nodes T3b-N0/N1-M0. 

IIIC: macroscopic peritoneal metastasis beyond the pelvis more than 2 cm in greatest dimension, with or 
without metastasis to the retroperitoneal lymph nodes (includes extension of tumour to capsule of liver and 
spleen without parenchymal involvement of either organ) T3c-N0/N1-M0 

 

Stage IVA: pleural effusion with positive cytology 

Stage IVB: parenchymal metastases and metastases to extra-abdominal organs (including inguinal lymph 
nodes and lymph nodes outside of the abdominal cavity) Any T, any N, M1 
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 Assessment of carcinomatosis during laparotomy, arrow showing small tumour 
nodules on the small bowel mesentery (A) and a large tumour mass of the omentum (B). 
Figure by Ilvars Silins. 

Currently, estimation of the extent of the tumour load is performed by different 
imaging methods, usually computed tomography (CT) and magnetic resonance 
imaging (MRI) and in some departments, preoperative laparoscopy. 

The mainstay of treatment is cytoreductive surgery (CRS) with the aim of 
removing all macroscopic tumour, followed by platinum-based chemotherapy 
(11). Cytoreductive surgeries can include not only the resection of the gynaecolog-
ical organs but with a possible resection of the gallbladder, spleen, small and large 
bowel and peritoneal resections. These extensive surgeries are performed since no 
residual disease is the most important factor for survival and prognosis (12). 

Oher independent factors for survival are age, performance status, histology, 
differentiation grade and FIGO stage, thus surgery is the only factor amenable 
for improvement. However, controversy exists around the extent and limitations 
of cytoreductive procedures, the optimal timing of surgery, and patient selection 
which has led to different approaches internationally (13, 14). The impact sur-
gery has on survival is clearly correlated to residual tumour. In spite of extensive 
surgical efforts, there is no meaningful impact on survival if the residual tumour 
implants are larger than 2 cm (15). However, overall survival (OS) seems to be 
improved if the residual disease is less than 1 cm (16). 
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For this reason, many centres have increased their surgical efforts in order to 
achieve higher rates of optimal resections, and the term “ultra-radical” surgery is 
sometimes used, meaning surgical procedures that encompass extensive peritonec-
tomy, splenectomy multiple bowel resections, gastrectomy and liver resections 
(17). These procedures may result in a higher complication rate making patient 
selection and the timing of surgery more important (18). Others postulate that more 
extensive surgeries can be achieved with acceptable morbidity, low stoma rates 
and without clinically relevant delays to postoperative chemotherapy (14, 19). 

While surgery is the treatment of choice when possible, neoadjuvant chemo-
therapy (NACT) is applied when it is judged that primary surgery will not be 
favourable (13). This can be due to extensive disease spread, which is often 

 
pleural effusion. Furthermore, NACT candidates are also patients with non-re-

 
and it is suggested to be worse than with primary surgery; however, there are 
ongoing studies regarding this issue (20, 21). 

 
are found to have non-resectable tumours during laparotomy (Figure 1). 

This is often due to small bowel involvement of carcinomatosis which is dif-
  

surgery) and is scheduled for chemotherapy, with a possible re-evaluation for 
surgery at a later time. In these cases, preoperative assessment has underesti-
mated the tumour spread. Consequently, being able to identify those patients 
preoperatively by more precisely evaluating the tumour extent and minimising 
the rate of open-close procedures is of great value (22). 

Peritoneal cancer index (PCI) 
Within the same FIGO stages (Table 1) there are great differences in the extent 
of the tumour and its distribution. However, the tumour load and localisation 

 
treatment planning for ovarian cancer patients. In order to describe peritoneal 
carcinomatosis in detail, the PCI was introduced by Sugarbaker, initially for car-
cinomatosis of colorectal cancer and mesothelioma (23). It is based on two com-
ponents that are involved in its calculations. One is the distribution of tumour 
and the other is the lesion size score. The abdomen and pelvis are divided into 13 
regions, where the cancer implant size is intraoperatively individually assessed, 
producing a maximum score of 39 (Figure 2). 
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 Sugarbaker’s scheme for the determination of the PCI (23). Reprinted with 
permission from Springer. 

In colorectal cancer, PCI is the most important prognostic factor and shows 
a linear relationship with overall survival (24). A consensus on a cut-off value 
for treatment has not been clearly established; however, in general it is not rec-
ommended to operate on patients with colorectal carcinomatosis with PCI over 
20 (25). In ovarian cancer, PCI gives exact information about the tumour distri-
bution and has also been shown to be a prognostic factor for resectability and 
survival (26, 27). In addition, high PCI (>21) is an independent predictor of 
high-grade complications after CRS (28). However, the assessment of PCI is still 
not a standard of care in clinical practice or in surgical studies on ovarian cancer. 

In previous studies, different cut-off values of total PCI have been applied 
for the investigation of resectability and survival in ovarian cancer. For these 
outcomes, most studies have used PCI cut-offs from 10 to 15 (26, 29, 30). Since 
many of these studies were published, the surgical effort has changed to a more 
aggressive approach where presumably patients with higher PCI are operated on 
and further studies are needed on cut-offs applicable to surgeries to date. 

It has been suggested that instead of the total PCI score, selected PCI regions, 
such as the small intestine and the hepatoduodenal ligaments, are better predic-

 
assess on preoperative imaging, especially regarding diffuse carcinomatosis on 
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the intestines. In addition, the PCI has been found helpful in determining tumour 
locations, and one study showed that a total PCI over 10 predicted diaphragmatic 
involvement in all cases (32). 

The PCI can be used to obtain preoperative information on the extent of car-
cinomatosis in order to enhance patient selection before CRS. Diagnostic lap-
aroscopy is one method to do this; however there are studies suggesting that 
PCI assessment by laparoscopy underestimates carcinomatosis compared to 
laparotomy, while laparoscopic estimation of carcinomatosis can be helpful in 
predicting resectability (33-35). As laparoscopy is thus unlikely to overestimate 
carcinomatosis it is not likely to direct operable women away from laparoto-
mies and could be considered safe. However, the number of women correctly 
directed to chemotherapy, thereby avoiding unnecessary laparotomies, varies in 

  
invasive method where patients are subjected to anaesthesia with accompanying 
risks, and visualisation of the whole abdominal cavity is crucial but not always 
possible due to tumour masses and adherence blocking the visualisation of the 
whole abdominal and pelvic cavity, making the estimation unreliable (37). 

Radiologic assessment of PCI is another, less invasive, option to assess PCI. Pre-
 
 

could be used as an independent prognostic factor (38, 39). However, the sensitivity 
of CT derived PCI seems to be too low for it to be able to predict resectability, while 
PCI estimated with MRI is more promising and accurate in predicting the surgical 
PCI and could thus be helpful to assess if complete CRS is possible (40, 41). 

In order to use PCI preoperatively for more accurate evaluation of carcinoma-
tosis a cut-off in PCI is needed. The cut-off should be set where above it the risk 
for incomplete surgery and/or complications is high. This could be an additional 
tool used in choosing between treatment with primary surgery or chemotherapy 
in patients presenting with advanced ovarian cancer. 

Diagnostic imaging 
Current practice 
There is no universally accepted reference standard for imaging peritoneal 
carcinomatosis. Contrast-enhanced CT has to date been the imaging modality 
of choice but has limitations regarding carcinomatosis (42). It cannot reliably 
estimate the distribution of small cancer implants on the bowel surface, mes-
entery and on the subdiaphragmatic surfaces. The size of the lesions determines 
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whether they are detected and the sensitivity to detect implants of less than 1 cm 
in diameter is 25-50% with contrast-enhanced CT (43, 44). 

Conventional imaging with ultrasound, CT and additional MRI can provide 
false negative results due to changes in anatomy caused by the advanced disease, 
previous surgery or radiation. On the other hand, false positive results can be 
found due to necrosis or scar tissue posing as tumour masses (45). To avoid this, 
the combined functional and anatomical methods, PET/CT or MRI with diffu-
sion can be used as additional imaging for primary staging or recurrent disease 

 
of lymph node and distant metastases, and is therefore mostly used in detecting 
recurrent disease and response monitoring (48, 49). 

        
indicate minor differences between the methods in the assessment of carcinoma-
tosis (50, 51). 

MRI 
MRI has advantages over CT with its higher soft tissue contrast and no radiation 
exposure. It can include both morphologic and functional assessment, e.g. of 
tumour perfusion and cellularity, by adding diffusion-weighted imaging (DWI) 
to the investigation protocol (52). 

DWI is increasingly applied in the evaluation of tumours. It is based on the 
principle that tumours with high cellularity have restricted diffusion of water 
molecules which results in higher signal intensity than the surrounding normal 
tissue (53). By adding DWI, many more new peritoneal lesions can be detected 
compared with conventional morphologic MRI, especially in the upper abdomen 

 
in detecting ovarian-related peritoneal dissemination, with substantial inter-ob-
server agreement (55). 

MRI has been suggested for preoperative staging of abdominal carcinomato-
sis, having better accuracy than CT and has shown superior results (45, 56). 

Positron emission tomography-magnetic resonance imaging 
(PET/MRI) 
Fused PET/MRI is the combination of MRI and positron emission tomography 
(PET) in a single scanner. It is a new technique that so far has been used mainly 
for research but is increasingly used clinically for diagnosing and monitoring dif-
ferent diseases. Most results using PET/MRI have been published in oncology, 
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especially for malignant lymphomas and rectal, gynaecological, breast, prostate 
and bladder cancers and brain tumours including metastases. (57). 

The tracer Fluorine-18 FDG PET was revolutionary for cancer diagnosis 
because it provides great contrast between tumour and most normal tissue. The 
basis of this differential uptake is the altered glucose metabolism in many cancer 
cells as they have increased uptake and usage of glucose compared to normal 
cells. Adding this functional ability of PET to the morphological high-soft tissue 
contrast provided by MRI has to date proved promising for assessing primary 
tumours and nodal metastases in patients with gynaecological malignancies of 
the pelvis (58). 

According to the current literature, the diagnostic performance of PET/MRI 
has been found comparative to other imaging modalities in multiple malignan-
cies including gynaecological cancers (58). Disadvantages of this method are its 
complexity, cost and prolonged examination time secondary to the acquisition 
of multiple MR sequences (58, 59). PET/MRI may have advantages over PET/ 
CT as MRI adds functional information with DWI (57, 60). The few studies 
available suggest a high diagnostic potential of PET/MRI for the assessment of 

 
discrimination between benign and malignant lesions compared with PET/CT 
(60, 61). However, previous published studies are few and heterogeneous, and 
no previous studies evaluating the distribution of carcinomatosis with PET/MRI 
have been published. With the added functional information of DWI, PET/MRI 
could possibly have higher accuracy than MRI alone in detecting tumour lesions 
(Figure 3). 

A B 

PET/MRI (A) and DWI-MRI (B) showing tumour lesions in PCI regions 8 and
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Endometrial cancer 

Epidemiology 
Endometrial cancer is the most common gynaecological malignancy in the Nor-
dic countries, with 1380 cases diagnosed every year in Sweden. It is the sixth 
most common cancer in women, with increasing incidence in Europe and the 
US. Most women are diagnosed in an early stage of the disease, resulting in a 

 
Sweden and few women are diagnosed before the age of 50 (62, 63). 

 
commonly oestrogen-related and occurs more frequently in younger, obese or 
peri-menopausal woman. This type represents the majority of endometrial can-
cers, and endometrioid adenocarcinoma is the most common histology, covering 
80% of endometrial tumours. It is thought to arise on the basis of endometrial 
hyperplasia. Type II represents high-grade malignant tumours with serous, clear 
cell or carcinoma histology, and occurs mainly in older women (64, 65). 

          
based on molecular studies including genome analyses (66). Four categories of 

  
this, and a prognostic relevance has been suggested; however, this molecular 

 

Risk factors 
Obesity is a strong risk factor for endometrial cancer and is present in about 50% of 
cases. In fat tissue, aromatisation occurs of androstenedione to oestrogen, resulting 
in higher oestrogen levels without the balance of progesterone. Obesity is further 
associated with a lower concentration of the sex hormone binding globulin which 
leads to elevated free oestrogen levels. Other known risk factors are nulliparity, 
late menopause, type 2 diabetes and hypertension, while oral contraceptives, mul-
tiparity, smoking and physical activity have a protective effect (69-71). 

 
the risk for endometrial cancer six times, and the risk remains more than 10 
years after therapy is terminated (72). On the other hand, combined therapy with 
oestrogen and progesterone reduces the risk (73). In addition, treatment with 

 
treatment. This is similar to oestrogen substitution without progesterone, with a 
worse prognosis, possibly due to worse histology (74). 
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Staging and treatment 
Most women are diagnosed at an early stage while the tumour is still localised to 
the uterus. The early diagnosis is mainly due to early symptoms such as abnor-
mal bleeding, bleeding after menopause being the cardinal symptom. Other 
symptoms are unusual discharge, haematometra or onset of heavy bleeding (75). 

The standard treatment for early disease is hysterectomy and bilateral salpin-
go-oophorectomy with or without lymphadenectomy and/or radiation therapy 
(76). Surgical stage is an important prognostic factor, and pelvic lymphadenec-
tomy is necessary to accurately determine the stage and postoperative therapy 
(77). The prognosis is worse for women with deep myometrial invasion (MI) 

         -
dometrioid histology, and these women are considered high risk, additionally 
having higher risk for lymph node metastases (77-80). However, for women 
with endometrioid grade 1 or grade 2 tumours, where deep MI is absent, the 
probability of metastases in the pelvic lymph nodes is low. In these cases, 
lymphadenectomy might be omitted, thereby avoiding complications such as 
lymphoedema/lymphocyst formation (81, 82). Hence, preoperative staging is 
important to select the high-risk women for lymphadenectomy and avoid over-
treatment of others. 

Preoperative ultrasound is also important for the general assessment of the 
tumour, and the sonographic features of endometrial tumours have been 
described (83). Ultrasound assessment has a good preoperative predictive ability 
for tumour recurrence in combination with demographic characteristics and the 
ProMisE subtypes (84). In addition, the presence of deep MI itself increases the 
risk of recurrence, and uterine risk factors including deep MI and cervical stroma 

 
(78, 85). 

Instead of total lymphadenectomy, an increasingly implemented method for 
lymph node assessment is sentinel lymph node (SLN) mapping. The SLN is the 

 
include cancer cells. This assessment is most often performed by injecting indo-
cyanine green (ICG) into the cervix and identifying the SLN by a near-infrared 
imager and removing it during surgery (86). The sensitivity of this method in the 
detection of metastasis is 96%, according to a recent meta-analysis (87). This can 
be applied with both high and low-risk women, reducing the morbidity of total 
lymphadenectomies. 
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The Swedish National Guidelines for endometrial cancer 
 

were updated in 2017 when deep MI was included as a part of the preoperative 
 

  
carcinoma or carcinosarcoma) or cervical stroma invasion. In high-risk tumours, 
a lymphadenectomy of the pelvic and aortic regions was recommended in addi-
tion to hysterectomy and salpingo-oophorectomy (88). 

Postoperatively, patients with high-risk histology and negative nodes are rec-
ommended chemotherapy ±brachytherapy, and those with positive nodes or no 
lymphadenectomy are offered chemotherapy + external beam radiotherapy. 

In the newest update of these guidelines from 2021, the SLN approach is rec-
ommended in all women suitable for postoperative therapy (89). 

Methods determining myometrial invasion 
Magnetic resonance imaging (MRI) 
The standard MRI protocol for staging endometrial cancer includes the use 
of multiple T2-weighted sequences in at least two imaging planes and of con-
trast-enhanced T1-weighted sequences (90). Figure 4 shows the MI visualised 
with MRI. 

The diagnostic accuracy of MRI in endometrial cancer was documented in a 
-

hanced MRI was 0.81 and 0.72 (91). Further diffusion-weighted imaging can 
possibly improve the accuracy (92). 

Transvaginal sonography (TVS) 
With transvaginal sonography the MI can be assessed subjectively, it is then up 

-
trium during the examination. Objective measurement techniques have addition-
ally been introduced, such as use of the tumour/uterine anteroposterior diameter 
(AP) ratio (93) or measuring the tumour-free margin (94) (Figure 5). 

However, compared with the subjective assessment of an ultrasound expert, 
these methods have not been found to be more accurate (95). The objective mea-
sures are possibly more suitable for inexperienced sonographers in the assess-
ment of MI and could thereby increase the sensitivity of the method; however, to 
our knowledge this has not been studied. 

TVS in experienced hands is comparable to MRI for the evaluation of MI 
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   Endometrial cancer on MRI: 
Sagittal T1-weighted fat saturated image 
with intravenous contrast (A), transverse 
T2-weighted image (B) and transverse 
ADC map (C) showing tumour with deep 
MI (arrows). Figure provided by Elisa-
beth Hedlund. 

A 

B 

C 

(96, 97). However, not all hospitals/centres have access to ultrasound experts 
and in clinical practice general gynaecologists often perform the preoperative 
ultrasound assessments. The inter-observer reproducibility has been examined in 
a Swedish study among ultrasound experts and gynaecologists and no difference 
was found in their assessment of MI (98). In a systematic review, the pooled 

 
81% respectively and, no difference was found in subjective or objective meth-
ods (99). 

Intra-operative frozen section 
Intra-operative frozen section is another option for the assessment of MI; hence 
lymphadenectomy is decided perioperatively as the histopathological informa-
tion is received during surgery. Many studies have concluded that intra-operative 
frozen section is useful because of its high accuracy in diagnosing both histolog-
ical grade and MI. The diagnostic accuracy varies in multiple previous studies 
from 67% to 99% (100, 101). The disadvantages of this method are that it is 
time-consuming, and like other perioperative methods, challenging for surgery 
planning. 
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C 

 Assessment of deep MI with TVS showing the uterine 
anteroposterior (AP) diameter = 2.08cm (A), the tumour AP di-
ameter = 10.1mm (B) and the normal myometrium AP diameter 
= 7.6mm (C). Figure by Stavros Iliadis. 
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Gross examination of the 
uterus during surgery, showing en-
dometrial tumour (arrow) with deep 
MI. Figure by the author. 

Gross examination 
Gross examination of the tumour cut surface during operation is another periop-
erative option where the surgeon assesses MI by looking at the excised uterus 
and its tumour, and this is probably the most easily applied method for the eval-
uation of MI (Figure 6). Previous studies have found comparable results with 

-
 

practice (102). However in comparison, intra-operative frozen section seems to 
have a better diagnostic performance than intra-operative gross evaluation (103). 

To date, there has been no consensus on which method is most feasible to 
determine MI in the clinical setting. As TVS in experienced hands is comparable 
to MRI, this seems preferable as it is more cost-effective and less challenging 
in planning of surgery than use of frozen section and gross examination (96). 
However, these methods should be examined in the clinical setting where the 
ultrasound assessment might be performed in less experienced hands. 
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Quality of life 

No uniform, international agreement is in place for the term ‘quality of life’ (QoL), 
although it is increasingly applied and measured. The World Health Organisation 

 
life in the context of the culture in which they live and in relation to their goals, 

         
van Knippenberg is that QoL is “the subjective evaluation of good and satisfac-
tory character of life as a whole”(105). The term ‘health-related quality of life’ 
(HRQOL) is also used and is referred to as a sub-category of QoL relating only 
to the health domains and how well people function in everyday life; however, 

 
conceptual differences, the research involving QoL has methodological challenges 
and various methods are available for measurement as well (106, 107). 

In cancer research, the patient-reported outcome of QoL has proved to be an 
important end-point and to give additional information on the effects of treat-
ment to supplement data from measurable biomarkers. In addition, a positive 
relationship has been found between QoL data and the duration of survival of 
cancer patients (108). 

QoL in gynaecological cancer patients 
The treatment of women with gynaecological cancers is decided by their FIGO 
stage, where women in stage I are usually only treated with surgery while women 

 
 

putting them at risk for anxiety and depression and impairing their physical and 
emotional functioning. Common problems in cancer survivors are pain, fatigue, 
anxiety, distress and depression (109). For most women, these problems improve 

-
tal health problems (110). 

 
and pre-treatment performance status along with disengaged coping at diagno-
sis are known (111). Other factors associated with worse QoL are comorbidity, 
lower socioeconomic status and living alone (112, 113). Younger age has been 
related to poorer emotional functioning while older patients show poorer physi-
cal functioning (114-117). In addition, advanced tumour stage and radiotherapy 
and chemotherapy have been associated with impaired QoL (118). 
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In a meta-analysis from 2017, the prevalence of depression in gynaecological 
cancer patients was 23%, which was higher than for most other cancer diagnoses 
(119). Women, in general, have higher rates of anxiety and depression, and after 
cancer diagnosis the subclinical or clinical levels of anxiety can reach over 50% 
of cases (120). This usually improves over time and with treatment but persisting 
depression and diminished QoL have been associated with pain medication use 
at the baseline assessment and with holding back concerns (121). 

Ovarian cancer 
According to a prospective study on ovarian cancer patients with advanced dis-
ease, anxiety symptoms are higher than the corresponding level of depressive 
symptoms and are highest prior to surgery, gradually decreasing thereafter. In this 
cancer group the main determinants of distress are the presence of an intestinal 
stoma, poor general health status and residual disease (122). However, a review 
article from 2016 found the overall QoL for ovarian cancer survivors was gener-
ally good compared to healthy women, despite the persistence of psychological 
and physical symptoms (123). Although many adjust well after treatment, others, 
including women with multiple recurrent disease and older women, appear to 
have a more impaired QoL (124, 125). 

Endometrial cancer 
The QoL in endometrial cancer patients is associated with obesity, which results 
in poorer QoL and physical functioning (126). However, this connection is also 
found in research including other types of gynaecological cancer (127). In addi-
tion, treatment with laparoscopy (vs. laparotomy) and vaginal brachytherapy (vs. 
external beam radiation) is favourable for QoL. Sexual function outcomes seem 
dependent on age and time since diagnosis (128). 

Cervical cancer 
In cervical cancer an association has been found between better QoL and women 
having a current occupation, a longer time since treatment and having under-
gone hysterectomy (129). This is supported by a prospective study from 2012 
that found improvements in general health over time, while lymphedema and 
menopausal symptoms were the most disabling treatment sequel (130). Bladder 
and bowel dysfunction along with sexual dysfunction are also more common in 
patients receiving radiotherapy (131). 

In comparison to endometrial cancer patients, cervical cancer patients report 
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more anxiety, dysphoria, anger and confusion, while both groups report depres-
sion to a similar extent (112). 

The QoL of women with gynaecological cancer is possibly not determined by 
the tumour site but by the distribution of the disease and the extent of therapy. 
This was found in a previous study on women treated for gynaecological cancer 
during young adulthood where distress was examined (132). Previous studies 
often include women in all FIGO stages and information is lacking on the differ-
ences in the QoL of women with local and advanced disease. 
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Aims 

The overall aim of this thesis was to enhance the treatment planning of women 
with gynaecological cancer and to identify patients that were more likely to have 
impaired QoL after treatment. In ovarian cancer, the aim was to better evaluate 
tumour spread and tumour localisation by using the PCI. In endometrial can-
cer, to enhance the preoperative evaluation of MI by examining the available 
methods in a clinical setting. By examining QoL after treatment, the aim was to 
provide women with the appropriate treatment and support. 

 

  
cancer. Secondary aims were to identify reasons for open-close surgery, and 
to compare surgical complications in relation to tumour burden. 

II To validate the usefulness of integrated PET/MRI, in comparison with dif-
fusion-weighted MRI (DW-MRI), for the preoperative assessment of peri-
toneal carcinomatosis in gynaecologic cancer. 

III To evaluate patterns of use and differences between MRI, vaginal ultra-
sound, frozen section and gross examination in pre-and peroperative assess-
ment of MI in endometrial cancer. 

IV To examine the QoL of women with advanced gynaecological cancer at 
diagnosis and one year later, compared to women with earlier stage, and to 
identify the sociodemographic and clinical characteristics associated with 
QoL. 
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Material and methods 

Ethical considerations 

Paper I (Dnr 2018/071, Dnr 2019/05513), II (Dnr 2015/003) and IV (Dnr 
2020/06824) were approved by the Regional Ethical Review Board in Uppsala, 
Sweden and paper III (Dnr 814-15) by the Regional Ethics Review Board in 
Gothenburg. 

Methods 

Papers I and II 
 

The study population included patients treated for ovarian and fallopian tube 
-

tre for patients with ovarian cancer, performing 70-80 primary ovarian cancer 
operations/year. Surgery was performed with the intention of removing all mac-
roscopic tumours. The procedure began with PCI evaluation and ended with the 
evaluation of a cytoreduction score (CCS). 

 
The PCI is a scoring system combining lesion size with tumour distribution, 

-
 

planes divide the abdominopelvic cavity into nine regions, which are numbered 
in a clockwise direction with 0 at the umbilicus. Regions 9–12 divide the small 
bowel. Lesion size (LS) refers to the greatest diameter of tumour implants that 
are distributed on the peritoneal surfaces, ranging from LS 0 (no tumour seen) 

  
pelvic structures together, this is automatically scored as LS 3 even if it is a thin 

 
tumours are excluded from the LS assessment (23) (Figure 2, Table 2). 
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Table 2.  

Region 0 Central midline -Entire greater omentum, transverse colon 

Region 1 Right upper -Superior surface of the right lobe of the liver, 

-Under surface of the right hemidiaphragm, 

-Right retro hepatic space 

Region 2 Epigastrium -Epigastric fat pad, 

-Left lobe of the liver and falciform ligament 

-Lesser omentum, 

Region 3 Left upper -Under surface of the left hemidiaphragm, 

-Spleen, tail of pancreas, 

-Anterior and posterior surfaces of the stomach 

Region 4  -Descending colon, 

-Left abdominal gutter 

Region 5 Left lower -Pelvic sidewall lateral to the sigmoid colon, 

-Sigmoid colon 

Region 6 Pelvis -Female internal genitalia with ovaries, tubes and uterus, 

-Douglas pouch, 

-Bladder and rectosigmoid colon 

Region 7 Right lower -Right pelvic sidewall, 

-Cecum, 

-Appendix 

Region 8  -Right abdominal gutter, 

-Ascending colon 

Region 9 Proximal jejunum 

Region 10 Distal jejunum 

Region 11 Proximal ileum 

Region 12 Distal ileum 
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At the end of the surgery, the completeness of the cytoreduction score (CCS) was 
estimated; CC0: no residual disease; CC1: residual nodules measuring less than 
2.5 mm; CC2: residual nodules between 2.5 mm and 2.5 cm; and CC3: resid-

 
and CC1, whereas CC2 and CC3 were considered incomplete cytoreduction. 
If the surgeon did not see any possibility for radical or near radical surgery, i.e. 
CC0-CC1, no surgery was performed and the abdomen was closed (open-close 

 

Paper III 
 

   -
 

clinicians and pathologists to report to the Swedish Cancer Registry, founded 
in 1958. The Swedish Cancer Registry has over 96% coverage of all malignant 
tumours compared to the Swedish Hospital Discharge register and in 99% of 

 -
ment and follow-up are not registered. Hence, the SQRGC was established in 
2008. Reporting to the SQRGC is performed prospectively by all hospitals and 
clinics in Sweden. The registration is web-based and includes information on 
patient and tumour characteristics, details of treatments and outcome, as well 

 
date of death from the Population Registry (134). The registration for uterine 
malignancies in SQRGC started in 2010. 

Considering the number of reported patients with malignancy of the uterus, 
the SQRGC shows high coverage (96%) compared with the Swedish Cancer 
Registry (135). The validity of the recorded data in the SQRGC has previously 
been assessed; 268 patients were randomly selected and the agreement between 
the review of the patient records and the registered data was between 72% and 
98% for 12 core variables, with the largest differences for dates (135). For the 
variables analysed in this study the concordance was 87% (n=173) for FIGO 
stage, 80% (n=179) for lymph and/or blood vessel invasion, and 96% (n=80) for 
lymph node metastases. 

Data on the assessment of MI has been a part of the SQRGC since 2017; how-
ever, it is only possible to register one method for this assessment. Deep MI is 
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Paper IV 
 

The U-CAN database was initiated in 2010 by Uppsala and Umeå Universities 
and involves their corresponding University Hospital. The aims of U-CAN are 
to gather a high-quality longitudinal biobank and a database of clinical informa-
tion on a large number of patients to facilitate translational and clinical research 
(136). In U-CAN, systematic prospective longitudinal sampling of multidisci-
plinary clinical data, blood and tissue from cancer patients is performed. Gynae-
cological cancers were included in U-CAN from January 2012 and only consists 
of patients from Uppsala University Hospital (136). 

Participating in U-CAN includes giving blood samples, fresh frozen or forma-
       -

tionnaires about different aspects of health and well-being. All patients included 
in the U-CAN database give written informed consent. 

 
This is a multi-purpose, short form health survey containing 36 questions across 
eight domains evaluating QoL. The eight domains were designed to capture 
the most frequently measured issues in health surveys and those that are most 
affected by disease and treatment, and include both physical (physical function-
ing, role functioning/physical, bodily pain, general health) and mental (vitality, 
social functioning, role functioning/emotional, mental health) health (137). 

The reliability of the eight scales and two summary measures has been esti-
mated in numerous studies and published reliability statistics have exceeded the 

 
 

This questionnaire has been widely used since its publication in June 1992 and 
more than 2000 articles including SF-36 have been published. SF-36 has also 
been translated and validated for use in multinational clinical trials and world-
wide. In Sweden the questionnaire was translated and tested in the Swedish pop-
ulation in the years 1990-1991. Consequently, normal values for the Swedish 
population were produced, based on a study on 8930 individuals from seven 
different areas in the country (140, 141). 

32 



 

 

Study population and study design 

Paper I 
This was a retrospective cohort study. Inclusion criteria were women with sus-
pected ovarian or fallopian tube cancer in FIGO stages IIIB-IVB with carcino-
matosis where data was recorded on estimated PCI from January 2014 to Octo-
ber 2018. The preoperative work-up included diagnosis based on histology and 
in the case of non-representative histology, on cytology and a tumour marker 

 
was an obligatory part of the work-up. Data on stage, histology, patient char-
acteristics, surgery and surgical complications was collected from the medical 

 
In addition to PCI and CCS (see above), an evaluation of the complexity of 

operation was applied retrospectively. To do this the Aletti score (a surgical com-
plexity score) was used (Table 3), dividing operations into three groups with low, 
intermediate or high complexity scores. These scores are based on the number of 

 

Table 3.  

  

TH-BSO 1 

Omentectomy 1 

Pelvic lymphadenectomy 1 

Paraaortic lymphadenectomy 1 

Pelvic peritoneum stripping 1 

Abdominal peritoneum stripping 1 

Rectosigmoidectomy T-T anastomosis 3 

Large bowel resection 2 

Diaphragm stripping/resection 2 

Liver resection/s 2 

Small bowel resection/s 1 

  

1 (low) 3 or fewer 

2 (intermediate) 4-7 

3 (high) 8 or more 

TH-BSO: Total hysterectomy-bilateral salpingo-oophorectomy 
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Thirty-day postoperative complications were graded with the Clavien-Dindo 
 

Table 4.  

  

Grade I Any deviation from the normal postoperative course without the need for pharmacologi-
cal treatment or surgical, endoscopic, and ra-diological interventions Allowed therapeutic 
regimens are: drugs such as antiemetics, antipyretics, analgaesics, diuretics; electrolytes 
and physiotherapy. 

Grade II Requiring pharmacological treatment with drugs other than those allowed for grade I 
complications. Blood transfusions and total par-enteral nutrition are also included 

Grade III Requiring surgical, endoscopic or radiological intervention 

Grade IIIa Intervention not under general anaesthesia 

Grade IIIb Intervention under general anaesthesia 

Grade IV Life threatening complication (including CNS complications) 

Grade IVa Single organ dysfunction (including dialysis) 

Grade IV b Multi-organ dysfunction 

Grade V Death of a patient 

  
“disability”) is added to the respective grade of com-plication. This label indicates the 
need for a follow-up to fully eval-uate the complication. 

Paper II 
This was a prospective, non-randomised study. Women scheduled for cytoreduc-
tive surgery at the Uppsala University Hospital were included. After providing 
written informed consent they were enrolled for a whole-body PET/MRI scan 
in addition to previous diagnostic imaging (most often CT of the abdomen and 
thorax). Patients entered the study from June 2015 to May 2018. 

Inclusion criteria were suspected peritoneal carcinomatosis of gynaecologi-
cal origin where operation was considered possible. Preoperative diagnosis was 
based on cytology, histology, tumour markers, and a CT scan of the abdomen and 
thorax. Exclusion criteria were clearly inoperable patients (such as those with 
extra-abdominal metastases or serious medical conditions) and known contrain-
dications for MRI, such as metal foreign bodies, pacemakers and claustrophobia. 

Whole-body PET/MRI 
After standard patient preparation, 2 MBq/kg of 18F-FDG (Fluorodeoxyglucose 
(18F)) was injected intravenously 60 min prior to image acquisition. A whole-
body PET/MRI was performed from the skull base to the proximal femur using 
a simultaneous whole-body PET/MRI scanner (SIGNA PET/MRI, GE Health-
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care). All patients received intravenous contrast, gatoterate meglumine (Dota-
rem) 0.1mmol/kg. The MRI protocol consisted of DWI 2 b-factors (50, 1000), 
and T1-w DIXON and FSE T2-w images for anatomical correlation. 

Interpretation of images 
The images were evaluated by two radiologists with long experience in interpre-

 
case of disagreement. The radiologists were blinded to the patients’ medical his-

 
for each patient: one for MRI alone (MR images separated from PET/MRI), 
based on DWI, and one for fused PET/MRI simultaneously acquired images. 
A focal lesion located in any of the 13 abdominopelvic regions (Figure 1) was 
considered a peritoneal metastasis by MRI if it had restricted diffusion (high 
signal intensity on DWI b-factor 1000), with corresponding low signal intensity 

 
(ADC) map by visual analysis and, ideally, if it had a morphological correlation 
on T1or at T2-w images. For a lesion to be considered a peritoneal metastasis 
by PET/MRI it had to show hyper-metabolic activity by PET (SUVmax > 4) or/ 

 
The PET/MRI images were evaluated at least one month later in order to avoid 
bias. 

Paper III 
This population based retrospective cohort study included women with endo-
metrial cancer registered in SQRGC between January 2017 and December 2019 
with existing data on the preoperative or intra-operative MI assessment. Exclu-
sion criteria were stage IV disease, sarcoma, missing information on morphol-
ogy and missing information on the postoperative pathological assessment or the 
preoperative method for MI assessment. Inclusion criteria were women in FIOG 
stages I-III, available information on histology and on assessment of MI. The 
following data were collected from SQRGC: age, histology, FIGO stage (deter-
mined after histopathological examination), result of MI assessment, pathology 
results and location of MI assessment (university hospital/non-university). 

During the study period most endometrial cancer surgeries requiring lymph-
adenectomies were performed in specialised referral centres in Sweden. Other 
surgeries were performed in all gynaecological centres in Sweden and the histo-
pathological evaluation took place at the operating hospital. 
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Paper IV 
The study design was a cross-sectional analysis of data obtained by the U-CAN. 

Women treated at Uppsala University Hospital for endometrial, ovarian or cer-
vical cancer during 2012-2019 were eligible for the study. Inclusion criteria were 
completing the short form 36 health survey, version 2 (SF-36v2) at diagnosis 
and at the one-year follow-up. Exclusion criteria were another histology, multi-
ple cancers, recurrent cancer and missing answers on the SF-36 at the one-year 
follow-up. 

Information on sociodemographic and clinical characteristics was obtained 
from the U-CAN general health questionnaire and completed with data from 
medical records. Information from medical records included cancer type (ovar-
ian, endometrial or cervical cancer), number of treatment modalities (1, 2 or 
3), age, body mass index (BMI, kg/m2), American Society of Anesthesiologists 

   
 

Information from the general health questionnaire included: number of 
comorbidities (including diabetes mellitus, hypertension, hypothyroidism, liver 
disease, cardiac infarction, angina pectoris, cardiac failure, cerebral stroke/ 

 
disease, previous cancer diagnosis), smoking (yes or no), level of education (uni-
versity or not university level), living situation (with partner or living alone), 
alcohol consumption (units per week) and history of psychiatric illness (yes or 

 
medical records. 

Statistical analysis 

Paper I 
Receiver operator characteristic (ROC) curves were applied to determine the 
accuracy of PCI and other variables in predicting the two possible outcomes 
of cytoreductive surgery, complete and incomplete surgery. This produced a 

-
 

 
The predictors tested were age, preoperative albumin levels, BMI, smoking, 

 -
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tion system), FIGO stage, treatment (primary CRS versus NACT), histology 
 

postoperative complications with an independent t-test, Chi-square tests or one-
way ANOVA. Patient characteristics divided into groups by complete CRS and 
incomplete CRS were compared with an independent t-test and Chi-square tests. 

 
The data was analysed using IBM SPSS statistics 24. 

Paper II 
The intra-operative PCI was considered the gold standard for the statistical 
analyses. The total PCI and PCI for each abdominopelvic region, for PET/MRI 
and DW-MRI alone, were compared with intra-operative PCI using a Wilcoxon 

 
region, based on the presence versus absence of peritoneal implants, regardless 
of size. The Bland-Altman method with regression analysis was used to calculate 
the bias of the DW-MRI and PET/MRI-derived peritoneal cancer index. With 
this method, the agreement between each method and the gold standard could 
be assessed. 

The data was analysed using IBM SPSS statistics 24 and Graph Pad software. 

Paper III 
 

was considered the reference standard for the statistical analyses. The results of 
TVS, MRI, gross examination and frozen section regarding MI were compared 

 
value, negative predictive value, area under the ROC curve and accuracy were 
determined for all tumours and for low-risk (endometrioid grade 1–2) tumours 
separately. 

The prevalence of deep MI was estimated in the whole cohort of FIGO stages 
I-III endometrial carcinomas and for endometrioid grades 1–2. Those preva-
lences were used in estimating the positive and negative predicted values, based 
on Bayes’ theorem. The STATA Statistical Software release 16 (StataCorp) was 
used. 

Paper IV 
Attrition analyses were carried out to examine differences in sociodemographic 
and clinical characteristics between women included in the study (i.e. women 
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answering the SF-36v2 at both diagnosis and at one-year follow-up) and 
non-responders (i.e. women answering the SF-36v2 only at diagnosis), using 
an independent-samples t-test. Data were presented using descriptive statistics 
describing means and standard deviations (SD) (or median with inter-quartile 
range [IQR], for non-normally distributed variables) for numerical variables and 
numbers (n) and percentages (%) for categorical variables. Scores on each of the 
eight QoL domains at diagnosis and at the one-year follow-up between women 

    
using an independent-samples t-test and changes in scores over time were anal-
ysed with a mixed ANOVA model. Sociodemographic and clinical characteris-
tics in relation to QoL on each of the eight domains at the one-year follow-up 
were analysed using multiple linear regression. Possible confounders were partly 

 
examination, including previously known confounders. Results were presented 

 
All analyses were carried out using IBM SPSS statistics 24 (IBM Corp. 

Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: 
IBM Corp). 
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Results 

Paper I 

The median PCI score for the entire study population was 22, ranging from 3 to 
37 (IQR 12 – 27). Complete CRS was achieved in 148 (88%) patients, of which 

  
patients, CRS resulted in CC2-3, in spite of surgical efforts. In the other 14, open-
close surgery was performed because of inoperability. Patients with incomplete 
CRS had higher median PCI of 33, range 25 to 37 (IQR 30– 35) while those with 
complete CRS had a median PCI of 19, range 3 to 34 (IQR 12 – 25) p < 0.001. 

Predictors for incomplete CRS were determined by use of ROCs. According 
to these analyses, the best predictor of incomplete CRS was intra-operative PCI 
score, with an AUC of 0.945 (95% CI 0.91– 0.98) (Figure 7A). 

A B 

 A: ROC curve for PCI regarding incomplete CRS. AUC of 0.945, 95% CI 
0.91 – 0.98. B: ROC curve for PCI, primary treatment and BMI regarding incomplete 
cytoreductive surgery (CRS). AUC, 0.953, 95% CI, 0.92-0.99. 

Based on these analyses, two cut-offs were established. First, a PCI score of 24 
and under had a sensitivity of 100% for detection of cases with incomplete CRS. 
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this cut-off still remained operable. Overall, 39 (67.3%) patients with a PCI 
 

Table 5.  
 

    

    

 

Primary surgery 48 (44.0) 27 (61.4) 11 (78.6) 0.016 

NACT 61 (56.0) 17 (38.6) 3 (21.4) 

FIGO stage 0.460 

IIIB 2 (1.8) 0 0 

IIIC 60 (55.0) 21 (47.7) 5 (35.7) 

IV 47 (43.1) 23 (52.3) 9 (64.3) 

 0.000 

Complete cytoreductive 109 (100) 35 (79.5) 4 (28.6) 
surgery (CC0-1) 

Incomplete cytoreductive 0 9 (20.5) 10 (71.4) 
surgery (CC2-3) 

    

 0.004 
Primary surgery 48 (44.0) 24 (64.9) 6 (85.7) 
NACT 61 (56.0) 13 ( 35.1) 1 (14.3) 

 282 (110-609) 416 (258-710) 493 (160-823) 0.000 

 481 (20-2000) 635 (200-1500) 821 (250-1500) 0.005 

SCS 0.005 

Low (<3) 9 (8.3) 0 0 

Intermediate (4-7) 32(29.4) 2 (5.4) 1 (14.3) 

High (>8) 68 (62.4) 35 (94.6) 6 (85.7) 

 0.024 

0 63 (57.8) 10 (27.0) 2 (28.6) 

1 0 1 (2.7) 0 

2 33 (30.3) 16 (43.2) 2 (28.6) 

3a 7 (6.4) 6 (16.2) 1 (14.3) 

3b 2 (1.8) 1 (2.7) 0 

4a 3 (2.8) 3 (8.1) 2 (28.6) 

5 1 (0.9) 0 0 

Stoma 33 (30.3) 30 (81.1) 6 (85.7) 0.000 

Ileostomy 16 (14.7) 14 (37.8) 4(57.1) 

Colostomy 17 (15.6) 16 (43.2) 2 (28.6) 

PCI=Peritoneal cancer index; SCS=Surgical complexity score; NACT=Neoadjuvant chemotherapy. Statistics obtained by one-
way ANOVA or Chi-square tests. 
*Inoperable patients (open-close) excluded. 
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respectively. Thus, for cases with PCI > 33, 71.4% had incomplete operations. 
In Table 5, the surgical complexity and complications are analysed by dividing 

our study population into three groups according to the two cut-off levels. 

Paper II 

              
cancer and three with advanced endometrial cancer. Twenty-six (76.5%) had 
high-grade serous adenocarcinoma, and thirty-one (91%) had FIGO stages IIIC 
or IV. Twenty-four patients underwent primary surgery and ten patients had 
received neoadjuvant chemotherapy (NACT). At surgery, four patients had an 
inoperable tumour load resulting in open-close surgeries. 

The total surgical PCI ranged from 3 to 37, and corresponding ranges were 
0-39 and 0-39 for DW-MRI and PET/MRI, respectively. The four patients with 
macroscopic residual tumours (inoperable) had the highest surgical scores; 33-37 
(Table 6). The median total PCI obtained by PET/MRI did not differ from the 

         
In the Bland-Altman plot the mean difference of agreement (bias) for DW-MRI 

 Bland-Altman plots comparing the PCI index of DW-MRI (A) and PET/MRI 
(B) with the surgical PCI index. DW-MRI bias was 2.91 ± 7.49, regression  = -0.15 ± 
0.13, p = 0.24. PET/MRI bias was 0.41 ± 6.24, regression  = -0.14 ± 0.11, p = 0.19. 

was slightly higher than for PET/MRI but the difference was not statistically 
             -

toneal cancer index values. 
The PCI of the small bowel (region 9-12) was estimated separately (with a max 
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score of 12). For inoperable patients a surgical PCI of 9.5 was found, with scores 
of 3.5 and 10 for DW-MRI and PET/MRI respectively (ns). For the patients with 

-
estimated carcinomatosis on the small bowel. For the 10 patients who received 
NACT the surgical PCI in the small bowel was 2.5 with scores 4.0 and 4.5 for 
DW-MRI and PET/MRI (Table 6). 

Paper III 

 
endometrioid adenocarcinoma and 83% were in FIGO stage I. The method 
reported for the evaluation of MI was transvaginal sonography (TVS) in 59% 
of cases, MRI in 28%, gross examination in 8% and frozen section in 5%. The 

              
histopathology. 

In Table 7, the results of the different methods for assessing MI are shown. 
In the total study population, deep MI was wrongly assessed in 322 patients 
(22.9%). The sensitivity was highest for frozen section (90.0%) and lowest for 
TVS (65.6%). The intra-operative methods (gross examination and frozen sec-

  
 

-
         

MRI, 76.9% and 71.9% respectively, while for gross examination the levels were 
71.9% and 93.6%. Since the results of MI assessment are more important for 
low-risk tumours (endometrioid grades 1-2) and decisive for lymphadenectomy, 
we performed separate analyses for this subgroup and the sensitivity was slightly 

   
methods. 
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Paper IV 

 
groups by FIGO stage and a difference was found in the distribution of cancer 
diagnosis, where the most common cancer diagnosis in the advanced cancer 
group was ovarian cancer (52.7%) and in the stage I group endometrial cancer 
(65.3%).Women with advanced cancer were on average older (mean 64 vs. 58 
years), had a higher number of treatment modalities, less frequently reported a 
history of psychiatric illness (7% vs. 18%), and more often were living with a 
partner (76% vs. 68%). 

Scores on each of the eight QoL domains at diagnosis and at one-year fol-
low-up, by cancer stage, are shown in Table 8. Women with advanced gynaeco-
logical cancer had lower scores on physical functioning (mean=71.6 [sd=28.94] 
vs. mean=81.8 [sd=20.7], p=0.000) and role functioning/physical (mean=62.6 
[sd=34.0] vs. mean=77.2 [sd=28.4], p=0.001) at the time of diagnosis. At the 
one-year follow-up no differences were observed in these domains; however, 
women with advanced cancer had higher scores on the mental health domain 
than did women with stage I (mean=78.3 [sd=17.0] vs. mean=73.2 [sd=21.5], 
p=0001). 

 
women with advanced cancer and women in FIGO stage I for four of the 
domains; physical functioning (F(1.367)=4.99; p=0.026), role functioning/phys-
ical ( F(1.355)=4.44; p=0.036), bodily pain (F(1.366) = 1.65; p=0.037) and vital-
ity (F(1.363)=0.56;p=0.041). These interactions were driven by women with 
advanced cancer who reported higher scores at the one-year follow-up, whereas 
the change over time was smaller in women with FIGO stage I cancer (Table 8). 
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Discussion 

Methodological considerations 

Papers I and II included patients that were operated at Uppsala University Hos-
 

a perioperative PCI evaluated at the time of each surgery. This homogeneity 
 

centres. However, it ensures that the patients had comparable treatments and the 
surgical estimation of PCI was in the hands of few people. It is possible that the 
assessment of PCI can vary with different surgeons or clinics due to its objec-
tive nature. No inter-observer studies on the surgical assessment of PCI exist to 
our knowledge. However, the radiological PCI assessment was performed by 
two experienced radiologists, which strengthens the results. With both PET/MRI 
and DW-MRI, tumour burden in the individual regions were assessed differently 
compared to the surgical assessment. For example, peritoneal lesions assigned to 
region 5, the location of the sigmoid colon, were actually localised in the adja-
cent anatomic region or “lower jejunum”, and vice versa. These discrepancies 

 
the location of peritoneal implants, but the radiologist interprets static images. 
Nevertheless, the total PCI scores ended up similar, indicating that the tumour 
burden was equally well visualised even if its exact location was sometimes 
differently estimated. 

In spite of the previously discussed homogeneity, the cohort in both papers I 
 

-
gically and radiologically. In general, the radiological assessment of tumours 

 
  

suggested that PET, with its metabolic information, enables a distinction to be 
made between viable and non-viable tumours (145). This distinction is also dif-

-
cal estimation of PCI which, for this reason, may be less reliable for NACT 
patients than the primary operated ones. The reason for including patients that 
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had received NACT in both studies was to examine PCI in a realistic clinical 
setting, hence in a patient population scheduled for surgery at Uppsala Univer-
sity Hospital. This had more impact in paper II where the study population was 
relatively small and patients that had received NACT were proportionally many. 
However, in this study, the use of PET/MRI was examined in a typical clinical 
setting with a prospective study design, providing information on its possible 
use, and differences in images and PCI estimation from patients with and with-
out NACT, could be observed. 

Paper III was a register-based study and as such had the advantage of a larger 
study cohort and provided the opportunity to examine the MI assessment in a 
whole country over a certain time period. Because the information is registered 
prospectively, recall bias is fractional and information bias minimised as well, 
due to the fact that health care professionals are not aware of which futures stud-
ies will be based on the registry. However, a rather large proportion of women 
were excluded from the study because of missing information on both preoper-
ative assessment on MI and pathological assessment, which may have caused 
information bias. 

The data analysed cannot be of higher quality than the information registered 
for the women. In this paper, being able to register only one method for the 
assessment of MI causes uncertainties about which method was registered, if 
more than one was applied, and it is unknown whether the use of additional 

 
choice of method by morphology where TVS was applied more often in endome-
trioid than in non-endometrioid tumours for an unknown reason. In addition, the 
experience of the physician responsible for the evaluation of MI with TVS was 
not stated, nor were the skills of the MRI radiologists. The quality of gross exam-

 
No information on the surgeon’s experience was available in our study and the 

 
results of the paper should be interpreted in the context of a clinical real-life sce-
nario and should not be compared with the results from controlled, prospective 
imaging studies. 

Paper IV was a questionnaire-based cohort study assessing the Qo with a pre-
viously validated questionnaire. The information was prospectively collected, 
minimising the risk of recall bias, and the size of the study was relatively large 
with an acceptable response rate at 68% one year after diagnoses (146). How-
ever, the women lost to follow-up more often had a history of psychiatric illness 
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than women in the study population. This might indicate that our study cohort 
had a higher level of well-being than the entire gynaecological cancer popula-
tion, which would negatively affect validity. In addition, information concerning 
psychiatric illness was reported at the time of cancer diagnosis; consequently, the 

 
information on comorbidity and psychiatric illness was completed with informa-
tion from medical records, which increases the validity. 

A selection bias is possible as information is lacking on women that did 
not answer any QoL questionnaire. The questionnaires are in Swedish, which 
excludes women with a lack of knowledge of the Swedish language. These 

 
their QoL, either positively or negatively, and this could create a selection bias 
in the study. It is also possible that women with higher educational level were 
more likely to participate in the U-CAN and answer any questionnaire, creating 
a self-selection bias. However, this was not the case for women answering both 
at diagnosis and one year later (vs only at diagnosis) as this was examined in the 
attrition analysis but could be true for answering any questionnaire (vs none). 

General discussion 

Papers I and II 
In recent years, the surgical effort required for achieving complete cytoreduction 
in ovarian cancer has increased and studies have reported higher survival rates 
with radical surgery (147). There are studies indicating that so-called ultra-rad-
ical surgery is possible with higher tumour resection rates without the expected 
increase in major complications with a careful patient selection and timing of 
surgery, and according to our results in paper IV, possibly without decreasing 
quality of life (18, 147). The results of our research group further support this by 

 
  

worse overall survival after NACT should be kept in mind (148, 149). It is there-
           

them the best chance of survival, and accepting the risks of complications. 
Given this change in the surgical effort, it can be presumed that patients oper-

ated on today, have increased PCI scores, and in paper I we found that complete 
cytoreduction is possible for patients with PCI up to 34. This contradicts Lampe 
et al. who suggested in 2015 that complete CRS could be achieved up to a max-
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imum PCI of 25 (27). Our study population had, in addition, a high tumour load 
compared to Lampe’s study and even compared to many other previous studies, 
as is demonstrated in Table 9, the median PCI being 22 and 45% of patients in 
stage IV. Furthermore, as the complete CRS rate differs between centres, the 

Table 9.   
 

 Year  n   
 

Jónsdóttir 2020 Intraoperatively 167 22 88 
(median) 

Muallem 2020 Intraoperatively 70 PCI <20 61 % 61 
PCI >20 39% 

Llueca 2018 Intraoperatively 80 12 86 
(median) 

Llueca 2018 Intraoperatively 57 12 86 
(median) 

Rosendahl 2018 Intraoperatively 507 14 51 
(median) 

Elzarkaa 2018 Intraoperatively 96 12 64 
(mean) 

Llueca 2017 Retrospectively 80 14 80 
(mean) 

Lampe 2015 Retrospectively 98 14 49 
(mean) 

Gasimli 2015 Retrospectively 80 12 100 
(median) 

Cherau 2010 Retrospectively 61 16 80 
(median) 

Tentes 2003 Retrospectively 62 PCI <10 43% 52 
PCI >10 57% 



 

comparison of PCI in regard to resectability is challenging. In our study, the 
complete CRS rate was 88.1% which is high compared to previous studies on 
PCI (Table 9), but comparable to large centres to date. This variation in the com-

 
centres, as the studies only include patients selected for surgery. 

Aim  

Find a cut-off for incomplete CRS and com-pare with 
complications and reason for open-close surgery 

Explore the correlation between CA125, PCI, intra-op-
erative mapping of OC and their predictive value 

Establish a predictive model for suboptimal cytoreduc-
tive surgery (SCS) 

Analyse the surgical outcomes and dia-phragmatic 
involvement in stage III and IV OC 

Evaluate if PCI regions 2 and 9-12 are more predictive 
of complete resection and surviv-al than the total PCI 

PCI correlating it to completeness of CRS, clinical out-
come and validating a cut-off value for prognosis 

To analyse the clinical impact and prognos-tic value of 
PCI in patients with primary AOC (advanced OC) 

Investigate PCI as a prognostic indicator for the resect-
ability of ovarian carcinoma (OC) using the CCS 

Evaluate the prognostic value of the PCI in patients with 
primary advanced EOC after complete CRS 

Compare carcinomatosis scores in predicting resectabili-
ty, morbidity and outcome 

-
cer index in advanced ovarian cancer 

PCI predicts incomplete CRS, AUC 0.945 (95% CI 
0.91– 0.98) PCI >24 cut-off for incomplete CRS with 
increased complications 

CA125>600U/mL, PCI<20 and intra-operative 
mapping of ovarian cancer score >6 could be used as 
predictors of complete tumour resection. Combined, 
these factors predict incomplete resection in up to 90% 
of cases 

PCI>20 cut-off to predict risk of SCS. Intra-operative 
PCI associated with the lowest risk of false negatives 
compared to CT and laparoscopy 

3 y OS rate 46%, 83% in patients without diaphrag-
matic involvement. PCI the only independent prognos-
tic factor for survival 

Regions 2 and 9-12 were the limiting factor in 80% of 
cases. Total PCI as a predictor of resection, ROC-AUC 
75% but 78-79% for PCI 9-12 or 2+9 respectively 

PCI cut-off for 2 year survival was 13, ROC, AUC 
0.64. PCI cannot qualify as a pre-dictor of survival 
and not as an independent risk factor for death and 
recurrence (only suboptimal CRS) 

PCI associated with suboptimal surgery, postop 
complications, preop CA125 and more. PCI cut-off for 
OS and PFS was 15. PCI<10 -an optimal CRS of 94% 
while PCI>20-38% suboptimal CRS (p<0.01) 

 
PCI and CCS AUC 0.84 

Statistical correlations found between PCI and ascites, 
surgery duration, T status of staging and preop CA 
125. PCI was related to PFS (p=0-005) but not OS. 
(follow-up 29mo) 

Association for PCI and complete resection ROC-AUC 
0.69 for all FIGO stages, As-sociation between PCI 
and postoperative complications (p<0.0001) 

OS 41%, follow-up 63 months (mean). PCI is a signif-
icant prognostic factor for sur-vival (p=0.03), also for 
complete CRS, NACT. 
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Cut-off values for PCI regarding incomplete CRS have been examined pre-
viously and Llueca et al. suggest that patients with a PCI over 20 should be 
assigned to neoadjuvant chemotherapy (NACT) because of complication risks 
(150). This is supported by Muallem et al. that found patients with a PCI >20 had 
nine times increased risk of residual tumour; however, the complete resection 
rate was 61% in that study (154). Older studies on PCI as a predictor of survival 
have suggested lower cut-off values of 10 and 13 with worse prognosis with 
higher PCI (26, 152). 

We suggest a cut-off value of 24 in PCI in paper I because all patients with a 
PCI of 24 or lower had a complete CRS, 88% with minor complications (Cla-
vien-Dindo grades I or II). For patients with a PCI of 25- 34, complete CRS was 
reached in 67.3% of patients, but 29.6% of those with completed surgery in this 
group had complication grades III or IV and 81.8% received a stoma. Conse-

 
In order to use a calculated cut-off for resectability effectively, preoperative 

information on PCI is necessary. Previous studies have found that PCI can be 
assessed on radiological images, and CT and MRI are the most evaluated meth-
ods. While CT perhaps is the most common method, a study of 297 patients 
found the CT-PCI to be a poor predictor of complete resection in ovarian cancer, 
AUC =0.64 which could be compared to the surgical PCI in paper I predicting 
incomplete CRS with AUC=0.95 (39). Engberten et al. however, found PCI esti-
mated with DW-MRI to be an excellent predictor of complete resections with 
AUC>0.92 (41). Similar results were found by Sant et al. in a cohort of colorec-
tal patients, and other studies have found DW-MRI-PCI to be superior to CT-PCI 
in smaller study populations with different histology types (40, 56, 155, 156). 

A meta-analysis examined the diagnostic value of DW-MRI in peritoneal car-
cinomatosis in several cancer types and found DW-MRI to be highly sensitive 
in the detection of lesions (89% overall sensitivity); however, the sensitivity was 
higher when only gastrointestinal (GI) tumours were included (97%) (157). This 
is in line with the results of a paper where the DW-MRI detection in ovarian can-
cer patients only, had a pooled sensitivity of 86% (158). Hence, it is possible that 
tumour spread is different between histologies and that ovarian cancer metastases 

 
histologies was examined by Schwenzer et al. with PET/MRI they found signif-
icant differences in glucose uptake and diffusion characteristics depending on 
the histology of the tumours (159). Differences were found between peritoneal 
carcinomatosis lesions in ovarian and colorectal cancer, where ovarian lesions 
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had a higher standardised uptake value (SUV) and lower ADC. In addition, it has 
been postulated that mucinous tumours have a tendency to lower SUV due to the 
effects of the mucinous component on the tissue characteristics, and Berger et al. 
found FDG PET limited in the evaluation of mucinous tumours with abundant 
mucin (160). This was supported in a study evaluating mucinous tumours with 
PET/MRI where the FDG uptake was lower in the mucinous component but 
tumour cellularity based on DWI-MRI was not (161). 

This supports the possibility that histology can play a role in the ability of the 
imaging method to detect carcinomatosis, and indicates possible metabolic and 
functional differences between tumour types. 

 
peritoneal carcinomatosis with PET/MRI. We found PET/MRI and DW-MRI-de-
termined total PCI to be well correlated with the surgical PCI, and the PET/MRI 
PCI was even closer to it than DW-MRI alone. PET/MRI was more accurate 
than DW-MRI when evaluating patients at the primary diagnosis but no differ-
ence was noted in patients previously treated with chemotherapy. PET/MRI was 
also superior in inoperable patients with a high tumour burden, and in clinical 

 
NACT instead of unnecessary open-close surgery, especially if the right cut-off 
were known with this imaging method. 

PET/MRI is a new technique and to date, few studies have evaluated it in 
gynaecological cancer. Most of them focus on recurrent pelvic malignancies 

 
margins (57). It has been shown that PET/MRI and PET/CT have equivalently 
high diagnostic value in recurrent cervical and ovarian cancer, but PET/MRI 

 
lesions (61, 162). Furthermore, a higher lesion contrast for malignant lesions has 
been found with PET/MRI than MRI alone (163). 

-
erable, as seen in paper I. It has previously been shown that the small bowel is 

-
aroscopy (11, 164). In the small bowel regions, we found a tendency for higher 

 
 

and metabolic information is highly accurate when acquired simultaneously, 
compared with DWI alone. However, PET/MRI overestimated peritoneal carci-
nomatosis in some bowel regions. This can be explained by the fact that the bow-
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els may appear hyper-intense in DWI due to long T2 relaxation times, impeded 
water movement, or both (165). In addition, it is well known that FDG uptake in 
the gastrointestinal tract varies between individuals, usually with a diffuse and 
linear pattern but also with a focal pattern (166, 167). 

The mechanism of increased FDG uptake in the GI tract is unclear. It can be 
related to physiological activity in the bowel, to metabolically active smooth 
muscle, to reactive lymphocytes in the terminal ileum and cecum, or to swal-
lowed secretions. These benign or physiological activities can be misinterpreted 
as malignant lesions and vice versa (168). In addition, NACT may induce 

 
We propose that the extent of total tumour burden (total PCI) could be used 

instead of selected PCI regions (such as the small bowel) when selecting patients 
 

patients with incomplete surgery had a high PCI (over 25). None of the inopera-
ble patients in paper I had isolated small bowel involvement even though the rea-
son for open-close surgery in all cases was carcinomatosis on the small bowel. 

 
are more predictive of complete resections than total PCI score (31). Based on 
our clinical experience, we agree that carcinomatosis on the small bowel and 
hepatoduodenal ligament are indicators of incomplete resections but also of high 

 
to judge by imaging preoperatively, and with the knowledge that total PCI is an 
excellent predictor of incomplete resections, the focus should be on total PCI to 
evaluate operability before CRS. 

Paper III 
The most common method in Sweden for the assessment of deep MI in endome-
trial cancer, transvaginal ultrasound, was the one that had the lowest sensitivity 
in clinical practice according to our results. Higher sensitivity has been reported 
for the deep MI assessment with TVS previously and a review article reported 
82% sensitivity, compared to 66% in our study (97). However, it should be kept 
in mind when comparing our results to other studies that we did not intend to 
compare different methods used in the same individuals. Instead, the study set 
out to compare the use of the assessment methods in a clinical setting rather than 
to compare the best possible outcomes of each method. 

However, lower sensitivity with TVS means that more women with high-risk 
-
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marily operated adequately with lymphadenectomy as recommended. This could 
lead to under-staging and may possibly worsen the prognosis for women who 
should have received adjuvant treatment. However, it should be kept in mind that 
some high-risk tumours are correctly diagnosed with a preoperative endometrial 
biopsy showing high-risk histology and, in those cases, the assessment of MI is 
of less importance. According to a previous study, adding the TVS to the endo-

 
when the ultrasound is performed by experts (169). 

Sensitivity might be most important when estimating MI because with higher 
-

ingly. On the other hand, with a higher rate of false positives as MRI had in 
 

staged with lymphadenectomies, resulting in an unnecessarily high rate of com-
plications. In this paper, gross examination and TVS had a high false negative 
rate, thus missing patients truly having deep MI, possibly resulting in second 
operations for these patients for staging with lymphadenectomies. However, the 
results for the perioperative methods are comparable with earlier studies (101, 
170, 171). These methods should be applied more frequently if only taking into 
the account their accuracy, sensitivity and their superiority to MRI (172). Their 
disadvantage is that the results are not known until during surgery, and frozen 
section is dependent on a pathologist being available on-site, which is not pos-
sible in all clinics. These disadvantages possibly explain the low frequency with 
which these methods are applied. 

The ESMO-ESGO-ESTRO consensus recommends that the MI evaluation 
is performed by an ultrasound expert, MRI, or using intra-operative methods, 
and in most previous studies on TVS in endometrial cancer, the examiners have 
been ultrasound experts (76, 83, 173). However, ultrasound experts are not 
available in all centres in Sweden and these examinations are then performed 
by less experienced examiners. A Swedish study where the MI assessment of 
both general gynaecologists and ultrasound experts was compared, (including 53 
cases), found no difference in their assessment (98). This contradicts the possible 
reason for lower sensitivity of TVS in this study being less experienced exam-
iners. However, in another study by Green et al., accuracy was correlated to the 
number of cases the examiner assessed annually (174). It is possible that in some 
centres in Sweden the volume of endometrial cancer is not high enough or the 
deep MI assessment with TVS is performed by too many individuals, resulting in 

 

55 



 

assessment with TVS could also be expected as assessment of MI was included 
in the national guidelines in 2017. However, no differences were found in the 
study when the results were divided by years. Furthermore, it could be argued 
that the estimation of deep MI with TVS is more dependent on the examiner’s 
expertise and experience than assessment with MRI, although the radiologists 

 
itself is independent of the person interpreting the images, in contrast to TVS 
examination. The results for MRI in the study were more in line with previous 
studies (91). Altogether, our results support the current international recommen-
dations that if deep MI assessment is to be performed with TVS it should be 
performed by experts in ultrasound examination. 

The growing implementation of the sentinel node biopsy for all endometrial 
cancers without obvious metastases is further supported by this study, with rather 
poor positive predictive values of detecting deep MI for both TVS and MRI in 
clinical practice. However, the SLN procedure is not in common practice in many 
parts of the world and there is still a need for tools for selecting high-risk patients 
(175). Furthermore, the evaluation of endometrial tumours preoperatively with 

 
terms of availability and low cost and has been proved to be highly sensitive in 
expert hands (176). The challenge remains of choosing the right imaging method 
in each setting, depending on the examiner’s expertise and patient characteristics. 

Paper IV 
Advanced ovarian cancer is increasingly treated with a more aggressive surgical 
approach, as mentioned previously. In order to elucidate the impact of higher 
tumour load, worse prognosis and more compelling treatment (often with more 
than one treatment modality) on QoL we compared advanced gynaecological 
cancer survivors to those in FIGO stage I. However, we found that women with 
advanced gynaecological cancer had equally good QoL compared to women 
with less advanced disease, and they even had better scores on mental health one 
year after diagnosis. The difference in physical and role functioning was only 

 
 

that gynaecological cancer patients adjust over time to their physical changes in 
recovery (13, 110, 111, 118). A review article had by Ahmed-Lecheheb et al., 
similarly found that women with ovarian cancer generally had good QoL com-
pared to healthy women, despite the persistence of psychological and physical 
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symptoms (123). In contrast, there are several studies concluding that gynaeco-
logical cancer survivors have lower QoL compared to healthy individuals, with 
higher rates of depression, anxiety and functional impairments (177-179). How-
ever, it is possible that women adapt over time to their changed situation and 
their physical or psychological changes resulting from the disease and treatment. 

A history of psychiatric illness was associated with poorer QoL at the one-year 
follow-up. It has previously been shown that women with gynaecological cancer 
have a higher prevalence of clinical depression than healthy individuals at diag-
nosis, though this is suggested to improve with time (112). It is not known how 
the psychiatric history affects quality of life, but in our study, it was a predictor 
of both lower mental and physical QoL. Unfortunately it is unknown which type 
of psychiatric illness was present in this group of women. 

 
well documented for endometrial cancer patients (128). Presumably, this is due 
to higher BMI being associated with lower activity levels and physical func-

  
(without cancer) and in gynaecological cancer patients before treatment, com-
pared with patients with normal BMI (127, 180). 

In addition, comorbidity was associated with lower QoL one year after diagno-
sis. A higher number of comorbidities has been found to be predictive of worse 

 
  

the number of comorbidities, the knowledge of comorbidities being a risk factor 
could lead to enhanced support for these women. 

Interestingly, FIGO stage was not a predictor of lower QoL, and women with 
advanced disease did not have lower QoL than women in stage I. This indi-
cates that extensive tumour load and more aggressive therapy do not necessarily 
result in poorer QoL after one year and that women may adjust to their physical 
changes after treatment. However, according to our study, there are other factors 

 
well-being of patients. Women with less tumour load receive simpler treatment 
and thereby have fewer visits to the hospital and out-patient departments. There 
is possibly an unmet need in this group of women to discuss their well-being, 
cancer diagnosis and the risk of recurrence. Women with a history of psychiatric 
illness may have a relapse in their previous disease that in current practice goes 
unnoticed because of the speed and effectiveness of their treatment. There is an 
increased focus on enhanced recovery in the treatment of gynaecological cancer 
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Many women with local disease are operated on with minimally invasive surger-
ies, shortening their hospital stay to possibly only one night. The goal with this 
is to minimise the physical effects of surgery and its impairments on these wom-

 
-

essarily related to tumour load, perhaps in contrast to the perception of the health 
care professionals. Early discharge and quick recovery reduces communication 

 
negatively and should be addressed in the planning of treatment for women with 
gynaecological cancer. 

58 



 
 
 

 
 
 

 
 

 

 
 
 

 

Future perspectives 

It is important to evaluate tumour load and localisation accurately before choos-
ing a treatment for cancer patients, whether the tumour originates in the ovary 
or the endometrium. Information on the exact location of the tumour has in both 
cases a prognostic value and is crucial in determining the type of treatment possi-

 
one year after diagnosis. 

The PCI gives more exact information on the extent of carcinomatosis than 
FIGO stage and should therefore always be documented during surgery. Imple-
menting PCI documentation into quality registers could enhance ovarian cancer 
research as it would make the comparison of tumour load more accurate and it 
would enable further examination of the boundaries where tumour load becomes 

 
PCI could be applied radiologically in clinical practice; this would add valuable 

information on tumour load to the individual treatment planning for ovarian cancer 
patients. However in order to interpret this information, larger studies are needed 
on radiologically derived PCI and a radiological cut-off must be found. The radio-
logical cut-off could possibly be lower than the cut-off found in paper II if less 
sensitive radiological methods were used such as CT (155). The preoperative PCI 
assessment would possibly be most precise with PET/MRI; however, a DW-MRI 
PCI has proved more feasible to date as it has lower cost and is less time-con-
suming. Future studies should focus on these radiological methods, studying their 
estimation of high PCI and possible cut-offs for resection. The previous focus on 

 
gives the information needed, although the small bowel regions are part of the PCI 

 
regions and examine whether the prediction of resectability remains. The radiolog-
ical assessment of total tumour volume could be considered as another option to 
select patients for primary CRS as it is associated with complete CRS and survival 
in patients with recurrent cancer (182). In addition, different histology types within 
ovarian cancer should be further examined in regard to heir radiological differ-
ences, and different radiological methods could be applied for the estimation of 
carcinomatosis for the different subtypes of ovarian cancer (159). 
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In early endometrial cancer the assessment of MI is still an important factor 
in regard to survival and recurrence although its importance will decrease for 
treatment planning due to the SLN approach that is now included in the national 
guidelines in Sweden. TVS assessment of endometrial tumours without regard 
to MI however, will remain important in the estimation of endometrial tumours 
and the quality of this examination should be maximised. The results of paper III 
could lead to improvements in the ultrasound skills of Swedish gynaecologists in 
general. The situation of ultrasound assessment should be assessed in each centre 
in regard to expertise, experience and volume to improve the use of ultrasound 
in gynaecologic oncology. It is possible that in some centres a renewal of ultra-
sound equipment is needed or additional education on imaging to improve the 
sensitivity of TVS. Gynaecological cancer patients should perhaps be examined 
by a team of a few gynaecologists in each centre (if ultrasound experts are not 
available) to improve this assessment. This could lead to increased volume of 

 
team. In addition, in paper III some limitations of the Swedish Quality Registry 
for Gynaecologic Cancer came to light as only one method for the MI assess-
ment could be registered. This illustrates the importance of a detailed registry in 
order to monitor the progress in tumour assessment. 

Our results indicate a good QoL one year after diagnosis for women with 
advanced gynaecological cancer. However the support from health professionals 
to these women could be improved by identifying women at diagnosis that have 
an increased risk of worse QoL, irrespective of tumour stage. Women with a his-
tory of psychiatric illness, obesity or with comorbidities should be given special 
attention. Future studies should examine in detail which psychiatric diagnoses 
are predictive of worse outcome, and additional support should be given to these 
women The development of minimal invasive surgery and ERAS (enhanced 
recovery after surgery) protocols is positive in many aspects, but there is a risk 
that with a shorter hospital stay, the need for physical and psychological rehabil-
itation might be overlooked (181). This is especially important for women with 
psychiatric illness, who might not have the strength to seek help once they are 
discharged. There have already been studies showing that psychosocial interven-
tions can improve QoL, and further studies should focus on the implementation 
of such methods (183). 
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Conclusions 

The PCI is an excellent predictor of incomplete CRS and more complications are 
found with higher tumour burden. The cut-off for PCI>24 is related to incom-
plete CRS and inoperability and neoadjuvant chemotherapy could be considered 
in these cases, especially in fragile patients. 

PET/MRI might be superior to DW-MRI in predicting the total PCI score. PET/ 
MRI seems to be most advantageous for patients with a high tumour burden at 
primary diagnosis, which suggests that it could be a useful tool when deciding 
about operability in gynaecological cancer. 

There is a need for further studies on PCI in preoperative imaging as more accu-
rate knowledge of tumour load could optimise patient selection before surgery. 
PCI should be used as a standard parameter in clinical management of advanced 
gynaecologic cancers and should be included as a parameter in registers and 
research. 

In Sweden, the assessment of deep MI is usually performed with TVS, but the 
sensitivity is lower than for the other diagnostic methods. In clinical practice, 
neither TVS nor MRI are optimal for estimating deep MI as both have relatively 
low positive predictive values and the accuracy is moderate for both methods. 

Women with advanced gynaecological cancer appear to have a good QoL one 
year after diagnosis compared to women with limited disease. Women with pre-
vious psychiatric illness, high BMI, and comorbidities are at risk for impaired 
physical and mental health and should be given additional support. 
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Summary in Swedish –Sammanfattning på
svenska 

Äggstockscancer är den fjärde vanligaste orsaken till cancer-relaterad död hos 
kvinnor i världen men överlevnaden ökar och i Sverige lever av 49% av patien-
terna 5 år efter diagnos. Sjukdomen upptäcks ofta i sent skede eftersom den säl-
lan ger symptom förrän tumören har spridit sig i bukhålan. Den rekommenderade 
behandlingen är att operera bort all synlig tumör och ge efterföljande cytostatika. 
Patienter som inte bedöms möjliga att operera primärt får cytostatika och kan, 
om behandlingen har haft effekt, opereras i ett senare skede. Operationerna är 

 
för stor t.ex. med omfattande spridning till tunntarm kan patienten inte opere-
ras radikalt. Ibland upptäcks detta inte förrän vid operationstillfället och då blir 
operationerna inkompletta, eller att man helt avstår kirurgi, även kallat ”öppna 
–stänga” operationer. Därför är det viktigt att ha så noggrann information om 
tumörbördan som möjligt innan operationen. Peritoneal cancer index (PCI) är ett 
verktyg för att bedöma tumörbörda där man delar upp buken i 13 olika regioner 
och varje region bedöms för sig. Detta ger en skattning från 0 till 39 där 39 är 
maximal tumörbörda. PCI kan användas av kirurger under operationer men även 
av radiologer vid preoperativ bedömning. 

Livmoderkroppscancer är den vanligaste typen av gynekologisk cancer och 
upptäcks ofta tidigt med symptom i form av blödningar. Som följd av detta är 
femårs-överlevnaden god (ca 84%). Behandling i tidigt stadium består av bort-
opererande av livmoder och äggstockar med eller utan provtagning från lym-
fkörtlar i bäckenet. Undersökning av lymfkörtlar görs i utredningssyfte för 
att kartlägga om cancern har spridit sig dit och då rekommenderas ytterligare 

 
sämre prognos och spridning till lymfkörtlar, en av dessa är djupväxt; tumören 
har då växt djupt in i livmodermuskeln. Kvinnor med dessa tumörer har en något 
sämre prognos och bör genomgå provtagning från lymfkörtlar. Bedömning av 
djupväxt ska enligt det svenska nationella vårdprogrammet utföras som del i 
den preoperativa utredningen. Detta kan göras på olika sätt; med gynekologiskt 
ultraljud, magnetkameraundersökning (MR), under operation med fryssnitt eller 
med inspektion av livmodern. 
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Kvinnor som behandlas för gynekologisk cancer påverkas både av själva diag-
nosen och behandlingen som kan innebära operation, cytostatika och strålning. 
Deras livskvalitet ändras och vanliga relaterade problem är smärta, trötthet, 
ångest och depression. Kvinnor med cancer besväras i högre utsträckning av 

-
nos men för vissa kvarstår problem. Flera faktorer som kan påverka detta har 

 
Syftet med denna avhandling var att undersöka bedömningen av tumörutbred-

ning för att kunna optimera behandling för patienter med äggstocks och livmo-
-

tet efter behandling. 
I första delstudien undersöktes betydelsen av peritoneal cancer index (PCI) 

för operationsutfall samt kirurgiska komplikationer och en beräkning av opti-
mal PCI cut-off för kirurgi utfördes. I denna retrospektiva studie ingick kvinnor 
som opererats för äggstockscancer på Akademiska Sjukhuset. PCI bedömningen 
gjordes under operationen och det operativa och postoperativa utfallet analyse-
rades. Studien visade att PCI mycket väl kunde förutsäga inkomplett kirurgi och 
den vanligaste orsaken för detta var tumörutbredning på tunntarmen. Vid PCI 
över 24 fanns ökat risk för inkompletta operationer och kirurgiska komplikatio-

 
I den andra delstudien undersöktes PCI bedömd preoperativt med PET/MR 

(MR med injektion av radioaktiv tracer) och DW-MR (diffusionsviktad MR) 
jämfört med PCI bedömd under operation. Detta var en prospektiv studie som 
inkluderade kvinnor som kom till Akademiska Sjukhuset i Uppsala för operation 
p.g.a. misstänkt äggstockscancer med carcinos. Alla genomgick PET/MR under-
sökning som tillägg till standardutredningen. PCI bedömning gjordes preope-
rativt av två radiologer samt av tumörkirurg under operationen. Studien visade 
att både PET/MR och DW-MR låg nära den kirurgiska PCI bedömningen och 
att PET/MR var bättre än DW-MRI i bedömning av den totala tumörutbred-
ningen. Den största skillnaden sågs hos patienter vid primär operation och med 
hög tumörbörda. 

I den tredje delstudien analyserades bedömning av djupväxt i muskelväggen 
vid livmoderkroppscancer i klinisk verksamhet i Sverige. Detta var en register-
baserad studie där kvinnor med livmoderkroppscancer registrerade i det Svenska 
Kvalitetsregistret för Gynekologisk cancer år 2017 till 2019 inkluderades. Resul-
taten för de olika metoderna för att bedöma djupväxt jämfördes med det slutliga 
histopatologiska svaret efter operationen. Studien visade att den mest använda 
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metoden för bedömning av djupväxt var transvaginalt ultraljud, men sensitivite-
ten visade sig vara lägre (65.6%) än i tidigare studier, där undersökarna är exper-
ter på ultraljud. Sensitiviteten vid ultraljud var även lägre än för MR, fryssnitt 
och inspektion under operation. 

Målsättningen med den fjärde delstudien var att kartlägga livskvalitet hos 
kvinnor med avancerad gynekologisk cancer jämfört med kvinnor med loka-

 
inkluderades kvinnor som behandlats för äggstockscancer, livmoderkroppscan-
cer och livmoderhalscancer år 2012-2019 på Akademiska sjukhuset Uppsala. 
Studiedeltagarna svarade på en enkät om livskvalitet (SF-36) vid diagnos och ett 
år senare, samt en enkät om sin hälsa vid diagnos. Resultaten visade att kvinnor 
med avancerad gynekologisk cancer mådde lika bra som kvinnor med lokal sjuk-
dom ett år efter diagnos. Kvinnor med högre BMI, anamnes om psykisk sjukdom 
och mer samsjuklighet hade sämre livskvalitet ett år efter diagnos. 

Sammanfattningsvis visar vi att peritoneal cancer index (PCI) är ett bra redskap 
för att förutsäga inkomplett kirurgi och komplikationsrisk vid äggstockscancer 
och PCI >24 föreslås som lämplig cut-off för primärkirurgi. Total PCI bedöm-
ning med PET/MR är närmare kirurgisk PCI bedömning än DW/MRI, och den 
största skillnaden ses för patienter vid primär operation och ökat tumörbörda. 
Transvaginalt ultraljud är den vanligaste metoden för djupväxtbedömning för 
livmoderkroppscancer i Sverige men har något lägre sensitivitet än andra meto-
der. Kvinnor med avancerad gynekologisk cancer har lika god livskvalitet ett 
år efter diagnos som kvinnor med lokal sjukdom men kvinnor med högre BMI, 

            
livskvalitet. 
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Summary in Icelandic –Útdráttur á íslensku 

Krabbamein í eggjastokkum er fjórða algengasta ástæða krabbameinstengdra 
dauðsfalla kvenna í heiminum. Lifun hefur aukist og í Svíþjóð lifa 49% kvenna 

 
hans koma oftast ekki fram fyrr en meinið hefur dreift sér í kviðarholi. Besta 
meðferðin er skurðaðgerð þar sem öll sjáanleg ummerki krabbameins eru fjar-

 
 

í vissum tilvikum hægt að framkvæma aðgerð í kjölfarið. Skurðaðgerðirnar eru 
oft stórar þar sem þarf að fjarlæga mörg líffæri. Í tilvikum þar sem krabbameinið 
hefur dreift sér of mikið, t.d. til smágirnis, er ekki unnt að fjarlægja allt meinið 
fullkomlega. Oft kemur ekki í ljós fyrr en í sjálfri aðgerðinni hversu víða meinið 
hefur dreift sér sem leiðir til þess að aðgerðin er „ófullnægjandi“ og hætta verður 
við aðgerðina eftir að kviðurinn hefur verið opnaður, enda hafa ófullnægjandi 
aðgerðir takmörkuð áhrif á lifun. Sökum þessa er mikilvægt að eins nákvæmar 

 
Lífhimnukrabbameinsstuðull (LKS), (Peritoneal cancer index (PCI)), er stuðull 

 
holinu er skipt upp í þrettán mismunandi svæði og hvert svæði dæmt fyrir sig. 
Með stuðlinum fást tölulegar niðurstöður á bilinu 0 til 39 þar sem 39 er mesta 

         
skurðaðgerðum en einnig röntgenlæknar við mat röntgenmynda fyrir aðgerðir. 

Legkrabbamein er algengasta gerð krabbameins í kvenlíffærum og uppgötvast 
 

eða um 84%. Meðhöndlun á lægri stigum þessa krabbameins er að fjarlægja leg 
og eggjastokka með eða án eitla í grindarholi. Skoðun á eitlum er gerð sem hluti 

 
vera í eitlum er mælt með frekari meðhöndlun með lyfjum og/eða geislameðferð. 

 
eitla. Einn þeirra er vöxtur krabbameins inn í legvöðvann. Konur með slíka gerð 
æxlis hafa verri horfur og er því mikilvægt að skoða eitla þeirra. Mat á því hvort 
um vöxt inn í legvöðvann sé að ræða á, skv. sænskum vinnuleiðbeiningum, að 
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vegu, með ómskoðun, segulómun, á meðan á skurðaðgerð stendur með frysti-
skurði eða með því að skoða legið eftir að það er fjarlægt. 

 
 

Lífsgæði þeirra breytast og algeng vandamál eru sársauki, þreyta, kvíði og þung-
lyndi. Konur með krabbamein eru almennt í meiri hættu á að glíma við þung-

 
einkennum fyrsta árið eftir meðferðina en hjá hluta kvenna verða þau viðvarandi. 

 
     

fyrir augum að bæta meðferð kvenna með eggjastokka-og legkrabbamein. 
Einnig að bera kennsl á þær konur sem eru í aukinni áhættu á verri lífsgæðum 
eftir meðhöndlunina. 

Í fyrstu rannsókninni var skoðað hvaða þýðingu lífhimnukrabbameins-
stuðullinn (LKS) hefur fyrir árangur aðgerða sem og fylgikvilla. Einnig var 

 
ræða afturskyggna rannsókn á konum sem gengust undir skurðaðgerðir vegna 

 
í aðgerðum og árangur þeirra og fylgikvillar skoðaðir. Rannsóknin sýndi að LKS 
hafði forspárgildi fyrir ófullnægjandi aðgerðir og að algengasta orsökin fyrir 

 
24 var aukin áhætta á ófullnægjandi aðgerðum og fylgikvillum og þess vegna var 

 
Í annarri rannsókninni var LKS metinn fyrir skurðaðgerðir með jáeinda-segul-

   
framskyggna rannsókn þar sem þátttakendur voru konur sem gengust undir 

 
Konurnar fóru í jáeinda-segulómun (PET/MRI) sem aukarannsókn í uppvinnslu 
krabbameinsins. Mat á LKS var gert fyrir aðgerðirnar af tveimur röntgenlæknum 
og einnig í af krabbameinsskurðlækni í aðgerðunum sjálfum. Rannsóknin 

        
         

  
 

höfðu ekki fengið lyfjameðferð fyrir aðgerð. 
Í þriðju rannsókninni var mat á krabbameinsvexti í legvöðva skoðað. Rann-

sóknin byggðist á sænsku krabbameinsskránni þar sem notast var við upplýsingar 

66 



um konur sem greindust með legkrabbamein á árunum 2017 til 2019. Mismun-
andi aðferðir til að meta vöxt krabbameins í legvöðva voru skoðaðar og bornar 

  
matið væri rétt). Rannsóknin sýndi að algengasta aðferðin til að meta krabba-
meinsvöxtinn var ómskoðun en næmi hennar var lægra (65.6%) en fyrri rann-
sóknir hafa sýnt fram á. Í fyrri rannsóknum hafa skoðendur verið sérfræðingar 
í ómskoðun. Næmi ómskoðunar var lægra en segulómunar, frystiskurðar og 
skoðunar á legi eftir brottnám þess í aðgerð. 

-
líffærum borin saman við lífsgæði kvenna með staðbundið krabbamein. Einnig 

        
voru konur sem meðhöndlaðar voru fyrir eggjastokka-, leg- og leghálskrabba-

 
rannsókninni svöruðu spurningalista um lífsgæði (SF-36) við greiningu og aftur 
ári síðar. Jafnframt svöruðu þeir spurningalista um heilsu sína við greiningu. 

 
með staðbundið krabbamein ári eftir greiningu. Konur með hærri líkamsþyngdar-

 
eftir greiningu en aðrar konur í rannsókninni. 

           
(LKS) hefur gott forspárgildi fyrir ófullnægjandi skurðaðgerðir og fylgikvilla 

-
aðgerðir. Mat jáeinda-segulómnar (PET/MRI) á LKS er nær mati skurðlækna á 

  
 

þeim sem hafa mikið magn krabbameins. Ómskoðun er algengasta aðferðin til að 
meta vöxt krabbameins í legvöðva í Svíþjóð en þessi aðferð hefur minna næmi 

 
-
-

gæði en aðrar krabbameinsveikar konur. 
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